Obstructive sleep apnea (OSA), characterized by recurrent upper airway collapse, is a common condition that affects at least 10% of the general population, primarily overweight or obese person. 
Introduction ports on the effect of OSA on endothelial function, with some studies showing impaired endothelial function, [7] [8] [9] [10] while other large sample-sized study found no association between OSA and endothelial dysfunction as measured by brachial artery flow-mediated dilation (FMD). 11) Recently, a new measurement of peripheral vasodilator response as a measure for endothelial dysfunction using fingertip pulse amplitude tonometry (peripheral arterial tonometry, PAT) may emerge as a useful, non-invasive assessment of microvascular health. 12, 13) Reactive hyperemia (RH) response (with PAT) as detected by the RH index (RHI) has recently been shown to be related to multiple traditional and metabolic risk factors and cardiovascular events. [14] [15] [16] However, there have not been enough studies about the relationship between sleep apnea and endothelial dysfunction, especially digital RH by PAT. Therefore, we investigated the relationships between OSA and peripheral endothelial function assessed by RHI.
Subjects and methods
Study subjects
The study group was comprised of 80 consecutive subjects who underwent digital RH by PAT derived from the sleep apnea registry of Severance Cardiovascular Hospital.
The medical history such as diabetes mellitus (DM), hypertension (HTN), and dyslipidemia were diagnosed based on medical and medication history. Blood sampling was performed from the forearm via the antecubital vein after a minimum of 12-hour fasting and collected into both EDTA-treated and plain tubes. Written, informed consent was obtained from all subjects and the protocol was approved by the institutional review board of Yonsei University College of Medicine (IRB no. 4-2011-0299).
Sleep apnea assessment
The apnea-hypopnea index (AHI) was calculated as the sum of the total events of the apnea index and hypopnea index. Apnea was defined as the absence of airflow for 10 seconds or longer. Hypopnea was defined as either 1) reduced airflow of at least 50% for 10 seconds or longer with the presence of either oxygen desaturation 3% of ≥ the normal level or an arousal or 2) reduced airflow of at least 30% for 10 seconds or longer with oxygen desaturation 4%. ≥ 17, 18) Ambulatory Polysomnography was performed with Embletta X100 (Embla, Broomfield, CO, USA). OSA was defined as AHI > 5 and mild OSA as 5 < AHI < 15, moderated to severe OSA as AHI 15. ≥
Digital measurements of vascular function
Pulse amplitude at rest was measured in the fingertips by positioning a PAT device (Endo-PAT2000; Itamar Medical, Caesarea, Israel). Two flexible probes were placed on the index fingers of the right (ischemic) and left (control) hands. Reactive hyperemia was provoked by a 5-minute forearm cuff occlusion. The recorded pulse amplitude was analyzed by a computerized, semi-automated algorithm (Itamar Medical). Endothelial dysfunction was assessed using RHI as described previously. 12, 13) The RHI was calculated as the ratio of the average PAT amplitude over 60 seconds after 90 seconds of cuff deflation to the average PAT amplitude over 2.5 minutes prior to cuff inflation in the occluded hand divided by the same values in the control hand and then multiplied by a baseline correction factor. tion index (ODI) were significantly higher and mean and minimum oxygen saturation lower in OSA than non-OSA group. However, there was no significant difference in RHI and pAIx between OSA and non-OSA group (Table   1) . Then, we further compared RHI and pAIx after separating OSA group into mild (n = 31) and moderate to severe (n = 30) OSA group. However, we could not find any significant differences in RHI and pAIx among (Fig. 1A, B) .
Statistical analysis
We analyzed the association among RHI, pAIx and clinical, laboratory variables by correlation analysis in overall study group (Table 2) . No significant correlation between AHI and endothelial function was observed (r = -0.023, p = 0.837 for RHI; r = -0.094, p = 0.408 for pAIx) (Fig. 2A, B) . were significantly correlated with AHI in overall study group. The same patterns of correlations with AHI were found in only OSA group (Table 3) .
To estimate the independent contribution of various parameters to peripheral endothelial function (RHI and pAIx), we carried out multivariable linear regression analysis. No variable was significantly associated with RHI in neither overall nor OSA group (Table 4) . On the other hand, age, HR, AHI, and ODI tended to be associated with pAIx in both overall (r 2 = 0.624) and OSA (r 2 = 0.800) group without statistical significance ( Table 5 ).
Discussion
The main findings of our study were that the parameters of sleep apnea derived from polysomnography were not associated with endothelial function assessed by reactive hyperemia.
Recently, OSA has been demonstrated to being a risk factor for metabolic syndrome and CVD. 19) One of the mechanisms underlying this association between OSA and CVD is endothelial dysfunction, an initiating patho- physiology for atherosclerosis. 3, 6) There have been some studies on the effect of OSA on endothelial function but their results have not been conclusive. Firstly, Chami et al. 11) reported that they could find a moderate association Recently, a large-sized study reported that pAIx was more closely related to age rather than RHI. 22) However,
this study could not demonstrate any significant association between pAIx and parameters of OSA. This is supported by a study by Butt et al., 23) which demonstrated that there were no significant differences between subjects with OSA, hypertension and healthy control in terms of augmentation index and PWV. The results from this study begs the question of whether the endothelial dysfunction found in OSA patients in previous studies is the result of the cardiovascular risk factors that are more frequently associated with OSA patients or due to the sleep apnea itself. Further study assessing the change in RHI and pAIx after CPAP may be required to answer this question.
Our study can't go without limitations. Firstly, our study also has inherent limitations with cross-sectional study design. We could not explain the cause and effect of the associations so more prospective and follow-up studies need to be followed. Secondly, the small sample-sized study could not generalize our finding. In power calculation analysis, the sample size of our study (n = 80) was not enough power (7.5%) to detect correlations between AHI and RHI (R = -0.023). So our study was not conclusive in this field of research. Thirdly, we do not have any data about FMD and other endothelial laboratory marker such as endothelial adhesion molecules, angiogenenic factors in our study. Comparing our results with other endothelial markers, it could help to understand the usefulness of PAT in assessing endothelial
